The effects of disinfectants on activated sludge were studied using pretreated swine feces as a waste water. The disinfectants used were sodium dichloroisocyanurate (SDIC), sodium hypochlorite (SHC) and formaldehyde
(FA).
The COD and transparency of the effluent, accumulation of MLSS and faunal characteristics of mircroorganisms (protozoa and metazoa) were investigated.
The critical concentrations of SDIC, SHC and FA at which the effluent COD and transparency were deteriorated were 5, 1 and 25mg/l respectively, and those at which the accumulation of MLSS was reduced were 5, 5 and 100mg/l respectively.
The concentrations of these disinfectants at which the microorganisms were adversely affected were 2.5, 1 and 10mg/l respectively. Carchesium, Trachelophyllum, Aspidisca, Vorticella and Aeolosoma were highly susceptible to these disinfectants. The results obtained indicated that FA is suited for the safest achievement of waste water treatment by the activated sludge process, and SDIC and SHC come next to FA in the order named.
The results also suggested the necessity of controlling the concentrations of SDIC, SHC and FA not to exceed 5, 1 and 25mg/l/day respectively for preventing deterioration of the purification efficiency. Jpn. J. Zootech. Sci., 60 (9) and assay of the residual concentration of disinfectant after 24 hours of contact with the activated sludge4,5). For evaluation of the influence of a disinfectant on activated sludge, it is important to actually determine the critical concentration above which the purification efficiency is deteriorated. It has been reported that the efficiency is deteriorated by a decrease in disinfectant-susceptible protozoa living in the activated sludge6). The purpose of this study is to investigate the chemical oxygen demand (COD) and transparency of effluent, the growth rate of activated sludge and the faunal characteristics of microorganisms (protozoa and matazoa), using 3 kinds of disinfectants; sodium dichloroisocyanurate (SDIC), sodium hypochlorite (SHC) and formaldehyde (FA).
Materials
and Methods
Disinfectants
The following 3 disinfectants were used; sodium dichloroisocyanurate (SDIC), sodium hypochlorite (SHC) and formaldehyde (FA). The chemical name of SDIC is 1, 3-dichloro-1, 3, 5-triazine-2, 4, 6-trione sodium salt. It was a water-soluble powdery preparation containing 60% available chlorine. SHC was an aqueous solution containing 5% available chlorine having the chemical formula of NaOCl. FA was a 37 % aqueous solution of HCOH.
Waste-water sample and activated sludge
The waste-water sample was prepared as reported previously7). The feces from swine that had been fed a formula feed was dissolved in water (1:2), stirred for 3 minutes and passed through a 32-mesh (0.5mm) filter. The filtrate was diluted with water to the concentration shown in Table 1 .
The activated sludge obtained in our laboratory was acclimated to the operating condition (Table 1) by the activated sludge process.
Experimental flow chart and operating condition
A 1-liter flask was used as an experimental reactor. The flask was kept at chart are shown in Table 1 and Fig. 1 , respectively.
The processing was carried out with 2.5 days of detention time, 22 hours of aeration time and 2 hours of settling time using a batch style. The protozoal and metazoal faunae were investigated by the following method.
Method and items of analysis
The mixed Liquor in the aeration tank was settled for 30 minutes. Then, 0.1ml of the settled sludge was mounted on a slide glass (plankton calculation plate) and covered by a glass plate for microscopic examination.
The number of microorganisms per ml of the activated sludge was counted.
Experimental method
The experiment was continued for 12 days for the 3 disinfectants. Samples without disinfectants were used as controls.
The experiment was carried out at 4 different concentrations in the aeration tank: SDIC was used at concentration of 2.5, 5, 10 and 40mg/l, SHC at concentrations of 1, 2.5, 5 and 10mg/l and FA at concentrations of 10, 25, 50 and 100mg/l. The disinfectants were added everyday.
Results and Discussion 1. Effect on effluent quality Table 2 shows the COD and OD of the effluent in the presence of the different cocentrations of SDIC, SHC and FA.
The theoretical critical concentrations of available chlorine at which the OD and COD of the effluent were deteriorated by SDIC were 3 and 6mg/l respectively. The corresponding values by SHC were 1 and 2.5mg/l respectively. This indicated that SHC had a somewhat higher inhibitory effect against the activated sludge. OSE et al. [8] [9] [10] have confirmed the depression of the disinfecting power of chlorine by addition of isocyanuric acid, and ascribed this to the stabilization of chlorine by the formation of a feeble binding with isocyanuric acid. The results obtained in our study seem to involve the same phenomenon. SAKAGAMi et al. 11 ) have found that when potassium dichloroisocyanurate was added to river mud at 30mg/l in terms of available chlorine, 3 days were needed for residual chlorine to disappear.
It has been reported that cyanuric acid (10mg/l) a constituent of SDIC, is completely decomposed 859 KAKIICHI, KAMATA, KOMINE and UCHIDA by the activated sludge in 8 hours12) and further that cyanuric acid becomes the source of nitrogen for fungi13). Judging from these facts, the depression of the activity in the activated sludge in the presence of more than 5mg/l of SDIC seemed to have been caused by the inhibitory action of chlorine but not by that of isocyanuric acid.
Unlike chloride preparations, FA even at 100mg/l is completely decomposed by the activated sludge in 8 hours and it is estimated that if the activated sludge is further acclimated, decomposition of FA up to 1,000-2,500 mg/l may be possible4, 14) . The concentrations at which FA exerted an adverse effect on the OD and COD of the effluent were 25 and 50mg/l respectively. This seems to indicate that compared to the chloride preparations used, FA is not only safer in its effect against the activated sludge but also exerts its effect at concentrations below which FA is decomposed . In experiments with glutaraldehyde (GA), SAKAGAMI et al.5) and KAKIIcxz et al . 15 ) have reported that GA was decomposed by the activated sludge at a rate of up to 33mg/l per day and the guality of the effluent was affected by 20mg/l of GA. It is, therefore, presumed that although FA is more decomposable by the activated sludge than GA is, there is almost no difference in the inhibitory concentrations against the activated sludge. Table 4 . Faunae of protozoa and metazoa at different concentrations of SHC *, **: Refer to Table  3   Table  5 . Faunae of protozoa and metazoa at different concentrations of FA *, **: Refer to Table 3 Effects of Disinfectants on Activated Sludge to 40% in the presence of 2.5mg/l of SDIC. With 40mg/l of SDIC, Carchesium was not detected at all. Aspidisca, Vorticella and Aeolosoma tended to decrease with an increase in the concentration of SDIC. Trachelophyllum was most susceptible to SHC.
Effect on the MLSS accumulation
It was not detected at all at the tested concentrations of SHC including 1mg/l.
Vorticella and mastigophora tended to decrease with an increase in the concentration of SHC. However, Opercularia was always detected with an appearance rate of 100%, although the number of organisms per ml was somewhat decreased with increases in SHC. Trachelophyllum and Aeolosoma were almost equally susceptible to FA, and did not appear at all in the presence of more than 25mg/l of FA. The number as well as the appearance rate of Vorticella were reduced in the presence of more than 50mg/l of FA. However, Opercularia appeared with an appearance rate of 100% even in the presence of 100mg/l of FA.
In a study of the protozoal susceptibility in detergent-added activated sludge, SUDO16) has found that Aspidisca had twice as high susceptibility to the detergent as Vorticella, Epistylis and Opercularia and that Colpidium also demonstrated high susceptibility.
In evaluation of the toxicity of a detergent to several kinds of protozoa and metazoa by monoxenic culture with a bacterium, INAMORI et al. 17) have found that in the protozoa, the highest susceptibility was demonstrated by Colpidium, followed by Tetrahymena and Opercularia, and in the metazoa, it was demonstrated by Aeolosoma, followed by Nais and Philodina. Their findings agreed with our's in two respects, namely, the less susceptible ciliophora was Opercularia and the highly susceptible metazoa was Aeolosoma.
The high susceptibility of Carchesium to SDIC and those of Trachelophyllum to SHC and FA seemed to be a new finding. However, evaluation using monoxenic culture such as performed by INAMORI et al.17) seems to be important for confirmation of the susceptibility of microorganisms to disinfectants.
In conclusion, since the lowest inhibitory concentrations of SDIC, SHC and FA against the activated sludge were found to be 5, 1 and 25mg/l respectively, the detergents suited for the safest treatment of waste water by the activated sludge process was in the order of FA, SDIC and SHC. The OD level of the effluent and susceptibility of microorganisms were almost equally helpful as indices best suited for evaluation of the effect of a disinfectant against activated sludge. The second best and helpful indices were the COD of the effluent and MLSS accumulation rate. Further studies using a larger variety of disinfectants are intended.
